Deletion mapping of N-terminal domains of surfactant protein A. The N-terminal segment is required for phospholipid aggregation and specific inhibition of surfactant secretion.
The objective of the current study was to examine the functional importance of the N-terminal domains of surfactant protein A (SP-A) including the N-terminal segment from Asn1 to Ala7 (denoted domain 1), the N-terminal portion of the collagen domain from Gly8 to Gly44 (domain 2), and the C-terminal portion of the collagen-like domain from Gly45 to Pro80 (domain 3). Wild type recombinant SP-A (SP-Ahyp; where hyp indicates hydroxyproline-deficient) and truncated mutant (TM) SP-As containing deletions of domain(s) 1 (TM1), 2 (TM2), 1 and 2 (TM1-2), and 1, 2, and 3 (TM1-2-3) were synthesized in insect cells and purified by mannose-Sepharose affinity chromatography. N-terminal disulfide-dependent dimerization was preserved at near wild type levels in the TM1-2 (at Cys-1) and TM2 proteins (at Cys-1 and Cys6), and to a lesser extent in TM1 (at Cys-1), but not in TM1-2-3. Cross-linking analyses demonstrated that the neck + CRD was sufficient for assembly of monomers into noncovalent trimers and that the N-terminal segment was required for the association of trimers to form higher oligomers. All TM proteins except TM1-2-3 bound to phospholipid, but only the N-terminal segment containing TM proteins aggregated phospholipid vesicles. The TM1, TM1-2, and TM2 but not the TM1-2-3 inhibited the secretion of surfactant from type II cells as effectively as SP-Ahyp, but the inhibitory activity of each mutant was blocked by excess alpha-methylmannoside and therefore nonspecific. TM1 and TM1-2-3 did not enhance the uptake of phospholipids by isolated type II cells, but the TM1-2 and TM2 had activities that were 72 and 83% of SP-Ahyp, respectively. We conclude the following for SP-A: 1) trimerization does not require the collagen-like region or interchain disulfide linkage; 2) the N-terminal portion of the collagen-like domain is required for specific inhibition of surfactant secretion but not for binding to liposomes or for enhanced uptake of phospholipids into type II cells; 3) N-terminal interchain disulfide linkage can functionally replace the N-terminal segment for lipid binding, receptor binding, and enhancement of lipid uptake; 4) the N-terminal segment is required for the association of trimeric subunits into higher oligomers, for phospholipid aggregation, and for specific inhibition of surfactant secretion and cannot be functionally replaced by disulfide linkage alone for these activities.